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© Disclosed is a control apparatus for an electric 
vehicle, and particularly the dynamic braking control 
in the event of ineffectual regenerative braking load. 
A dynamic braking chopper (14) is controlled at 
electric braking in at least three divided modes of 
stopping control, chopping control and full conduc- 
tion control in correspondence to voltages of a filter 
capacitor (6). As a result, the electric braking opera- 
tion can be shifted reversely from electric braking to 
regenerative braking, and vice versa, without open- 
ing a line breaker or applying an air brake even in 
the event of ineffectual regeneration and ultimate 
over voltage, whereby the domain of regenerative 
braking after the emergence of over voltage can be 
extended to the maximum, and consequently the 
torque variation can be suppressed and the operat- 
ing life of such mechanical components as brake 
shoes and line breaker can be extended. 



FIG. I 




EFC 



^20 



I I-. 



[vl INVERTER 
CONTROLLER ~T CONTROLLER 



a C3 EFC 



r2 



-24 

JT_TL -i 



22 fn 



OVD 
C3C2 EFC 



26 
A 



T2 

30 



32 



34 
— L 



Rank Xerox (UK) Business Sen/ices 



BNSDOCID: <EP 04881 63 A2J_> 

i 



EP 0 488 163 A2 



BACKGROUND OF THE INVENTION 

This invention relates to a control apparatus for 
an electric vehicle, and particularly to dynamic 
brake control during a period when the regenera- 
tive braking load is ineffectual. 

For an electric vehicle equipped with an induc- 
tion motor controller based on the VWF, inverter 
or a d.c. motor controller based on the thyristor 
chopper, it is possible to perform regenerative 
brake control by operating the motor as a gener- 
ator so that the generated power (including the a.c. 
power converted by a converter) is fed back to the 
catenary. The regenerative brake control takes 
place without any problem provided that a power- 
ing car which serves as a load exists in the feeder 
section where the regenerating car exists, however, 
in case the powering car quits driving or in case it 
enters another feeder section, it fails to regenerate 
power, causing the filter capacitor connected in 
parallel between the controller and the catenary to 
have a rising voltage which destroys switching ele- 
ments in the controller. 

This problem is overcome by a technique de- 
scribed in Japanese Patent Unexamined Publica- 
tion No. 58-116002, which is designed such that 
when the filter capacitor voltage has reached the 
maximum value within the harmless range for the 
devices in the main circuit, a switching control 
element connected in series with a resistor, with 
this serially connected member being connected in 
parallel with the filter capacitor, is turned on so as 
to shunt the generated current and, on expiration of 
a certain time length, the switching control element 
is turned off. 

A technique described in Japanese Patent Un- 
examined Publication No. 62-71404 is designed 
such that in response to the detection of an exces- 
sive filter capacitor voltage, the line breaker is 
opened, the inverter is disactivated and an overvol- 
tage suppressing thyristor connected in parallel to 
the filter capacitor is turned on so as to lower the 
filter capacitor voltage and, on expiration of a cer- 
tain time length, the thyristor is turned off, the line 
breaker is closed, and the operation of the inverter 
is resumed. 

A further technique described in Japanese Pat- 
ent Unexamined Publication No. 62-247701 is de- 
signed such that at a time point when the filter 
capacitor voltage reaches a value, which is set 
higher than the rated catenary voltage, the dynamic 
braking chopper has its conduction ratio controlled 
in response to the filter capacitor voltage so as to 
supplement an insufficient regenerative braking 
load. 

The above-mentioned technique described in 
Japanese Patent Unexamined Publication No. 58- 
116002 is designed to fully turn on the switching 



control elements at a time point when the filter 
capacitor voltage reaches the maximum value, and 
therefore in case the powering car declines pro- 
gressively, in other words when the regenerative 

5 brake force diminishes progressively, the operation 
enters the dynamic brake mode abruptly, creating 
an enormous torque variation. The switching con- 
trol elements are turned off on expiration of a 
certain time length after the time of turn-on, while 

10 the inverter is kept operating, and therefore if the 
regenerative braking load is absent at the time of 
turn-off, the filter capacitor voltage will further rise, 
resulting possibly in the breakdown of the switch- 
ing control elements and the elements of the in- 

75 verter. In the opposite case where the regenerative 
braking load is established in several milliseconds, 
regeneration of power does not take place before 
expiration of the certain time length and therefore 
the conservation of energy is not attained. Although 

20 the train will conceivably come to a stop on expira- 
tion of the certain time length during a low-speed 
operation, this assumption is not practical. More- 
over, this case will encounter the need of an in- 
creased capacitance of the dynamic braking resis- 

25 tor, which will be difficult to install under the floor of 
the electric vehicle. 

The regeneration thyristors are merely con- 
trolled to turn on and off based on a setup thresh- 
old value, and therefore when regeneration be- 

30 comes ineffectual and the regeneration thyristors 
are turned on, the voltage will fall abruptly. This 
does not matter so far as the inverter operates to 
supplement the deficient component, however, if 
the current supplied by the inverter is not enough, 

35 the inverter control system will operate on assump- 
tion that the catenary voltage has fallen, but the 
response is slow. In the meantime, the current from 
the catenary flows in, incurring the emergence of 
resonation attributable to the filter capacitor and the 

40 inductance of the filter reactor and the like. If the 
inverter starts operating to increase the current 
when the filter capacitor voltage is too low, the 
current will become excessive, incurring the state 
of unstable control and ultimately the operation of 

45 the line breaker. 

The technique described in the Japanese Pat- 
ent Unexamined Publication No. 62-71404 men- 
tions nothing about the state of no-brake which 
emerges in the transition from the open state to the 

so closed state of the line breaker which is slow in 
operation relative to the switching control elements. 

The technique described in the Japanese Pat- 
ent Unexamined Publication No. 62-247701 consid- 
ers nothing for the case of a further rise of the filter 

55 capacitor voltage up to the over voltage for the 
control system, which will ultimately incur the 
breakdown of elements. 
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SUMMARY OF THE INVENTION 

The present invention is intended to overcome 
the foregoing prior art deficiencies, and its main 
object is to provide a braking apparatus for an 
electric vehicle capable of significantly suppressing 
the torque variation at braking, and operating in 
reversible control so that even if the over voltage 
emerges, the system can swiftly get out of that 
state and resume the dynamic braking or regenera- 
tive braking operation. 

And, the further object of the present invention 
is to suppress the torque variation and to extend 
the operating life of such mechanical components 
as a brake shoes and a line breaker. 

The above objects can be achieved through 
the provision of a control means which operates, at 
electric braking, the dynamic braking chopper in at 
least three divided modes of stopping control, 
chopping control and full conduction control in cor- 
respondence to voltages of the filter capacitor. 

The dynamic braking chopper bases its opera- 
tion on the voltage of the filter capacitor, i.e., it 
reflects full regenerative braking, regenerative brak- 
ing and dynamic braking in combination, or the 
state of over voltage at ineffectual regeneration, to 
perform the stopping control, chopping control or 
full conduction control, and the operation shifts 
smoothly from regeneration to combination, to over 
voltage, to combination, and to regeneration. Ac- 
cordingly, reversible control is accomplished, in- 
stead of the conventional non-reversible control in 
which the vehicle driver needs to have a reset 
operation after the operation has entered the state 
of over voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present inven- 
tion will now be described in conjunction with the 
accompanying drawings, in which: 

Fig. 1 is a block diagram showing the main 
circuit and an embodiment of this invention; 
Fig. 2 is a flowchart; 

Fig. 3 is a waveform diagram for the synchroniz- 
ing means; 

Fig. 4 is a diagram showing the waveforms of 
the voltage, currents and conduction ratios at 
various portions; 

Fig. 5 is a diagram showing another embodi- 
ment of this invention; and 
Fig. 6 is a waveform diagram pertinent to Fig. 5. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment of this invention will be ex- 
plained with reference to Fig. 1. 



A d.c. current collected with a pantograph 1 is 
fed through a line breaker 2, first inverted L-type 
filter formed of a reactor 2 and filter capacitor 4, 
and a second inverted L-type filter formed of a 
5 reactor 5 (having an inductance about 1/10 that of 
reactor 3) and a filter capacitor 6, and then sup- 
plied to an inverter 7 which produces 3-phase a.c. 
power of a variable voltage and variable frequency. 
The 3-phase ax. power produced by the in- 
fo verter 7 drives an induction motor 8. An inverter 
controller 10 operates to adjust the slip frequency 
f s so that the difference of the motor current l M 
detected by a current transformer 15 from the 
motor current command l P (not shown) is zero, and 

75 add the slip frequency f s to the motor rotational 
frequency f r provided by a pulse generator 9 which 
detects the number of revolutions of the induction 
motor 8 thereby to evaluate the inverter frequency 
f IN v- The inverter frequency fiMv and an output volt- 

20 age command V which is proportional to the in- 
verter frequency f tN v are entered to a gate control- 
ler 11. The gate controller 11, which receives the 
inverter frequency f INV and output voltage V. imple- 
ments PWM modulation which is known in the art 

25 thereby to control switching elements (gate turn-off 
thyristors, etc.) which form the inverter 7. The 
foregoing is the operation at driving. 

The inverter 7 enters the regenerative brake 
mode in response to a brake command sent from 

30 the operation console (not shown). In the regenera- 
tive brake mode, the inverter controller 10 subtracts 
the slip frequency f s from the motor rotational fre- 
quency f r to evaluate the inverter frequency f,Nv, 
and delivers the result to the gate controller 11. 

35 Consequently, the induction motor 8 operates as 
an induction generator, and d.c. power is fed to the 
power source through the inverter 7. The power is 
fed to the catenary by way of the second filter, first 
filter and line breaker 2. As mentioned previously, 

40 when there is a powering car which serves as a 
regenerative braking load in the same feeder sec- 
tion, the operation takes place without any problem, 
but if the car which has consumed the regenerative 
power no more exists, the regenerative current 

45 decreases in proportion, causing the voltage of the 
filter capacitors 4 and 6 to rise. 

This rising voltage not only incurs a degraded 
brake force, but can destroy switching elements 
which constitute the inverter 7. In dealing with this 

so matter, a dynamic braking resistor 12 and a dy- 
namic braking chopper 14 in serial connection are 
connected in parallel to these filter capacitors 4 
and 6, with the dynamic braking chopper 14 being 
turned on and off so as to supplement the defi- 

55 ciency of regenerative braking load. Indicated by 
13 is a free wheeling diode which is intended to 
circulate the current when the dynamic braking 
chopper 14 is turned off. A circuit which resembles 
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the foregoing main circuit is described in Japanese 
Patent Unexamined Publication No. 1-270702. 

A voltage sensor 15 detects the voltage across 
the filter capacitor 6 and delivers the output to a 
limiter circuit 20 and an over voltage detection 
(OVD) circuit 22. 

The limiter circuit 20 stores values of conduc- 
tion ratio 5 of the dynamic braking chopper (will be 
termed "conduction ratio 5") in correspondence to 
filter capacitor voltages EFC (the circuit may be 
designed to calculate the values instead of storing 
them). 

When the filter capacitor voltage EFC exceeds 
a setup value C1 (e.g., C1=1700 volts for an 
average catenary voltage of 1500 volts), a demand 
of conduction ratio 5i is produced, which increases 
in proportion to the filter capacitor voltage EFC 
until a setup value C3 (C3 = 1800 volts for the 
above catenary voltage; no current flows reversely 
from the catenary at this voltage) is reached (0.1 3 
5i < 0.9). 

The over voltage detection circuit 22 produces 
a signal S when the filter capacitor voltage EFC 
exceeds a setup value C2 of over voltage 
(C2 = 2000 volts for the above catenary voltage). 
The circuit 22 quits the output of the signal S when 
the filter capacitor voltage EFC falls below the 
above-mentioned setup value. 

The reason for the provision of the over voltage 
detection circuit 22 is that the filter capacitor volt- 
age EFC increases in the time domain of the order 
of milliseconds, whereas the dynamic braking 
chopper 14 has its pulse width responding slowly 
in the time domain of the order of several tens 
milliseconds, and and the chopper is brought to a 
full conduction (conduction ratio of 1) in order to 
prevent the elements from being destroyed due to 
a further increase of the filter capacitor voltage 
EFC before the chopper responds. 

The conduction ratio demand value 5i is en- 
tered to a phase shifter 24 which also functions to 
ensure the minimum on and minimum off pulse 
widths, and it produces a conduction ratio demand 
62 in the form of a pulse. 

The over voltage detection circuit 22 has its 
output S delivered to a continuous pulse generator 
26, gate turn-off circuit 6 and timer 34. 

The continuous pulse generator 26 responds to 
the signal S to produce a continuous pulse signal 
63, and it quits the output of the continuous pulse 
signal $3 in response to the subsidence of the 
signal S. At this time, it receives a timing signal U 
and synchronizes the signal 63 with the conduction 
ratio demand 63 so as to ensure the minimum and 
minimum off pulses. 

Fig. 3 shows the waveforms of the pulse sig- 
nals. Indicated by f m is a sync signal. The signal S 
causes the output of the conduction ratio demand 



63 such that the conduction ratio demand 62 rises 
at a rise of the sync signal f m in the presence of 
the signal S and the conduction ratio demand 62 is 
kept active even after the signal S has fallen until 

5 the sync signal f m falls. 

In response to the reception of the signal S, 
the gate turn-off circuit 32 has its output fed to the 
gate controller 11, which then disactivates the gate 
of the inverter 7 during the active period of the 

10 signal S. For example, the output of the gate con- 
troller 11 and the output of the gate turn-off circuit 
32 are taken AND and the result is applied to the 
inverter 7 so that the gate is disactivated (in this 
case, the gate turn-off circuit 32 produces an OFF 

75 pulse in the presence of the signal S or an ON 
pulse in the absence of the signal S). The mini- 
mum on pulse may not be ensured in some cases, 
and in this event only elements immediately after 
turn-on need to be cut off by application of the 

20 technique described in Japanese Patent Unexamin- 
ed Publication No. 59-63983. 

On receiving the signal S, the timer 34 starts 
the time count at a rise of the signal S, and it 
clears the count at a fall of the signal S. In case the 

25 timer is not cleared within a certain time length 
(e.g.. 2 w.s), i.e.. in case the signal S does not 
subside, the timer 34 issues an off signal to the 
line breaker 2 and an air brake activation command 
(not shown). 

30 In response to the reception of the conduction 

ratio demand 6 2 and signal $3, an OR gate 30 
produces a conduction ratio demand 6* as a result 
of the logical OR operation for the inputs, and 
delivers the signal to the dynamic braking chopper 

35 14. 

The dynamic braking chopper 14 operates to 
be full turn-off when the filter capacitor voltage EFC 
is smaller than the setup value C1, operates to 
maintain a constant filter capacitor voltage EFC 
40 when it is equal to or greater than the setup value 
C1 and equal to or smaller than C3, or operates to 
be full turn-on when it is equal to or greater than 
C2. 

The reason for the setup value C2 for over 
45 voltage detection and C3 for cancellation is to 
prevent the dynamic braking chopper 14 from en- 
tering the chopping mode immediately after the full 
conduction state and to confirm a sufficient fall of 
the voltage, and this setup value C3 may be equal 
50 to the setup value C1 at a risk of a prolonged no- 
brake period. It is not desirable to have the setup 
value C3 smaller than the setup value C1 because 
of the emergence of such problem as a reverse 
current flow from the power source. 
55 Next, the operation of the inventive apparatus 

will be explained with reference to th flowchart of 
Fig. 2. 

Step 1000 tests the presence or absence of 
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the brake command, and the sequence proceeds 
to step 1100 in the case of "present". Step 1100 
compares the filter capacitor voltage EFC with the 
setup value CI, and, in the case of EFC £ C1, step 
1200 operates on the dynamic braking chopper 14 5 
to commence the chopping operation. In the case 
of EFC < CI, the sequence loops back to step 
1000. and a sufficient regenerative braking load 
exists during the period of looping. 

Step 1300 calculates the conduction ratio, and ic 
it evaluates a conduction ratio demand 5, which is 
proportional to the filter capacitor voltage EFC. 
Step 1400 compares the filter capacitor voltage 
EFC with the setup value C2 so as to test the over 
voltage state (OVD). If the test result is "NO", the 75 
sequence returns back to step 1000, and the cal- 
culation of the conduction ratio demand takes place 
on detecting the presence or absence of the brake 
command. If the test result is "YES", step 1500 
synchronizes the demand signal with the reference 20 
pulse (the pulse with the currently produced con- 
duction ratio) in order to ensure the minimum on 
and minimum off pulses, and brings the dynamic 
braking chopper 14 to the on state. Step 1600 
measures (counts) the period of EFC £ C2, and in 25 
the case of excessiveness, step 2000 turns off the 
line breaker 2 and at the same time activates the 
air brake. 

In the case of EFC £ C3 in step 1700, the 
sequence returns to step 1600 for counting. In the 30 
case of EFC < C3, the sequence proceeds to step 
1800, which takes synchronization by the same 
reason as step 1500 and resumes chopping with a 
pulse width proportional to the filter capacitor volt- 
age EFC. Step 1900 tests whether or not EFC is 35 
smaller than CI, and if the result is "YES" indica- 
tive of the recovery of the regenerative braking 
load, the dynamic brake control is terminated. If the 
test result is "NO", the sequence returns to step 
1000 to continue the dynamic brake control. 40 

Although the foregoing embodiment is the case 
of the over voltage detection circuit 22 operating on 
a software basis, it may be a hardware arrange- 
ment. In this case, the flowchart of Fig. 2 is satis- 
fied by treating the signal S as an interrupt signal. 45 
This arrangement can speed up the imminent over 
voltage process. 

Next, the operational waveforms of the inven- 
tive arrangement will be explained with reference to 

Fi9 i 

The horizontal axis is the time axis, and on the 
vertical axis, shown by (a) is the filter capacitor 
voltage, (b) is the regenerative current flowing to 
the catenary, (c) is the dynamic braking resistor 
current, and (d) is the conduction ratio demand 55 
signal to the dynamic braking chopper. 

At a time before time point ti , a regenerative 
braking load exists and the electric vehicle pro- 



duces a torque based on the brake command sent 
from the operation console of the vehicle. The 
regenerative braking load begins to diminish imme- 
diately before the time point ti, and when the 
prescribed torque is no more produced at the time 
point ti when the filter capacitor voltage EFC 
reaches the setup value CI, the dynamic braking 
chopper 14 commences the chopping operation. 
The dynamic braking chopper 14 has its conduc- 
tion ratio 6 adjusted so that the filter capacitor 
voltage at that time point is retained. When the 
regenerative braking load further declines, causing 
tho filter capacitor voltage to rise, the dynamic 
braking chopper operates at a conduction ratio 
proportional to the voltage rise. When the regen- 
erative braking load virtually subsides at time point 
t 2 , the filter capacitor voltage EFC reaches the 
setup value C2, and at this time point the dynamic 
braking chopper is given a conduction ratio of one 
(full conduction) and at the same time the operation 
of the inverter is halted. Losing the power source, 
the filter capacitor voltage EFC necessary to make 
full conduction of the dynamic braking chopper 14 
falls, and it reaches the setup value C3 at time 
point ta. At this time point, the dynamic braking 
chopper 14 commences chopping and the inverter 
7 is controlled to produce a torque in compliance 
with the brake command. 

Although the figure reveals that the regenera- 
tive braking load rises and the regenerative current 
increases at the time point when the filter capacitor 
voltage EFC has reached the setup value C3, this 
embodiment is designed to activate the inverter 7 
and operate on the dynamic braking chopper 14 to 
chop at the time point when the filter capacitor 
voltage EFC has fallen to the setup value c3 re- 
gardless of the presence or absence of the regen- 
erative current. As the regenerative braking load 
increases, the regenerative current increases and 
the filter capacitor voltage EFC falls. The falling 
voltage EFC is followed by a decrease in the 
conduction ratio of the dynamic braking chopper 
14. When the filter capacitor voltage EFC reaches 
the setup value CI, indicative of the existence of a 
sufficient regenerative braking load, the dynamic 
braking control is quitted. 

When the regenerative braking load subsides 
again, the dynamic brake control and over voltage 
control take place. 

According to this embodiment, the inverter can 
generate a current enough to produce the pre- 
scribed torque determined by the brake notch even 
in the event of ineffectual regeneration, and con- 
sequently the excessive voltage can be suppressed 
promptly without applying the air brake unneces- 
sarily even in the event of over voltage and the 
electric brake (regeneration plus dynamic brake) 
can be established immediately after the recovery 
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of regenerative braking load. The operation of the 
line breaker is suppressed even in the event of 
ineffectual regeneration, and therefore the mechani- 
cal components can have an extended operational 
life. & 

In the foregoing embodiment, the output of the 
continuous pulse generator 26 is synchronized with 
the conduction ratio demand $2 by using the timing 
signal t*, from the phase shifter 24. This circuit 
arrangement causes the synchronizing operation to 10 
wait until the next timing of synchronization even 
though sufficient minimum on/off pulses are en- 
sured. The following explains, with reference to Fig. 
5 and Fig. 6, an embodiment which is intended to 
ensure the minimum on/off pulses without taking 15 
synchronization. 

A phase shifter 25 and continuous pulse gener- 
ator 27 receive the conduction ratio demand 5i 
provided by the limiter circuit 20 and the signal S 
provided by the over voltage detection circuit 22, 20 
respectively, and deliver their respective outputs 62 
and 5 3 to an OR gate 40, which produces a signal 
b. An AND gate 41 receives the signals b and e, 
and produces a signal c. A monostable multivibra- 
tor 42 is triggered by the rising edge of the signal 25 
c to produce a one-shot pulse d which is used to 
ensure the minimum on-time of the dynamic brak- 
ing chopper 14. An OR gate 43 takes OR of the 
signals c and d, and produces a conduction ratio 
demand 64. A NOT gate 44 inverts the conduction 30 
ratio demand pulse 5*, and delivers the result to a 
monostable multivibrator 45. The monostable mul- 
tivibrator 45 is triggered by the falling edge of the 
conduction ratio demand pulse $4, to produce a 
one-shot pulse, which is used to ensure the mini- 35 
mum off-time of the dynamic braking chopper, and 
delivers the pulse to the AND gate 41 through a 
NOT gate 46. 

Fig. 6 shows the waveforms of the abovemen- 
tioned signals. 40 

The conduction ratio signals 6 2 and $3 produce 
an inherent output waveform shown by b, however, 
this output does not ensure the minimum on/off 
times of the elements in some cases. (H and J 
denote pulses narrower than the minimum on and 45 
minimum off time lengths, respectively.) The 
waveform of the resulting conduction ratio demand 
64 reveals the ensured minimum on/off time lengths 
for the corresponding pulses I and K. 

According to this embodiment, the conduction 50 
ratio demands 5 2 and 63 are produced indepen- 
dently and therefore the signal S can be transmit- 
ted surely to the dynamic braking chopper. 

Although the foregoing embodiments are the 
case where the motor is an induction motor and the 55 
controller is an inverter, this invention is not con- 
fined to this case, but is also applicable to other 
control apparatus capable of regenerating power, 



e.g., a d.c. motor controller based on a chopper, to 
attain the similar effectiveness. 

Although in the foregoing embodiments the 
catenary is of d.c. power, the similar effectiveness 
is attained for the case where a.c. power is con- 
verted to d.c. power with a convertor. 

Moreover, although the foregoing embodiments 
have the provision of two filters, these are merely 
intended to stabilize the control system, and natu- 
rally the apparatus can be configured with a single 
filter. 

According to this invention, the electric braking 
operation can be shifted reversely from electric 
braking to regenerative braking, and vice versa, 
without opening the line breaker or applying the air 
brake even in the event of ineffectual regeneration 
and ultimate over voltage, whereby the domain of 
regenerative braking after the emergence of over 
voltage, which is forbidden conventionally, can be 
extended to the maximum. 

As a result, the torque variation can be sup- 
pressed and the operating life of such mechanical 
components as brake shoes and line breaker can 
be extended. 

Claims 

1. An electric vehicle control apparatus compris- 
ing an electric motor (8) which drives an elec- 
tric vehicle, a motor controller (7) which con- 
trols said motor (8), a filter capacitor (6) con- 
nected between said motor controller (7) and a 
power source, a dynamic braking resistor (12) 
and a dynamic braking chopper (14) in serial 
connection connected in parallel to said filter 
capacitor (6), and means (15) for detecting the 
voltage of said filter capacitor (6), character- 
ized in that said apparatus further comprises 
means for controlling said dynamic braking 
chopper at electric braking in at least three 
divided modes of stopping control, chopping 
control and full conduction control in corre- 
spondence to detected voltage values. 

2. An electric vehicle control apparatus compris- 
ing an electric motor (8) which drives an elec- 
tric vehicle, a motor controller (7) which con- 
trols said motor (8), a filter capacitor (6) con- 
nected between said motor controller (7) and a 
power source, a dynamic braking resistor (12) 
and a dynamic braking chopper (14) in serial 
connection connected in parallel to said filter 
capacitor (6), and means (15) for detecting the 
voltage of said filter capacitor, characterized 
in that said apparatus further comprises means 
of controlling said dynamic braking chopper at 
electric braking in chopping control mode if the 
detect voltage value is equal to or greater than 
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a first setup value which is higher than the 
average voltage of said power source, or in full 
conduction control mode if the detect voltage 
value is equal to or greater than a second 
setup value which is greater than said first 5 
setup value. 

An electric vehicle control apparatus according 
to claim 2, characterized in that the means 
for controlling said dynamic braking chopper at io 
electric braking in full conduction control mode 
thereafter control it in chopping control mode 
in case the detected voltage value falls to a 
value which is equal to or smaller than a third 
setup value which is equal to or greater than 75 
said first setup value and smaller than said 
second setup value. 

An electric vehicle control apparatus according 
to claim 1. characterized in that the motor 20 
controller (7) is an inverter and the electric 
motor (8) is an induction motor. 

An electric vehicle control apparatus compris- 
ing an induction motor (8) which drives an 25 
electric vehicle, an inverter (7) which controls 
said induction motor (8), a filter capacitor (6) 
connected between said inverter (7) and a d.c. 
power source, a dynamic braking resistor (12) 
and a dynamic braking chopper (14) in serial 30 
connection connected in parallel to said filter 
capacitor (6), and means (15) for detecting the 
voltage of said filter capacitor (6), character- 
ized In that said apparatus further comprises 
means of controlling said dynamic braking 35 
chopper in chopping control mode if the de- 
tected voltage value is equal to or greater than 
a first setup value which is higher than the 
average voltage of said d.c. power source, or 
in full conduction control mode if the detect 40 
voltage value is equal to or greater than a 
second setup value which is greater than said 
first setup value, and means of halting the 
operation of said inverter if a detected voltage 
value is equal to or greater than said second 45 
setup value. 

An electric vehicle control apparatus according 
to one of the claims 1 to 5, characterized in 
that the chopping control of said dynamic brak- 50 
ing chopper is implemented in terms of the 
conduction ratio in accordance with the de- 
tected voltage value. 

An electric vehicle control apparatus according 55 
to one of the claims 1 to 6, characterized in 
that the operation of said motor controller (7) is 
halted in the full conduction control mode. 



8. An electric vehicle control apparatus compris- 
ing an induction motor (8) which drives an 
electric vehicle, an inverter (7) which controls 
said induction motor (8), a filter capacitor (6) 
connected between said inverter (7) and a d.c. 
power source, a dynamic braking resistor (12) 
and a dynamic braking chopper (14) in serial 
connection connected in parallel to said filter 
capacitor (6), and means (15) of detecting the 
voltage of said filter capacitor (6), character- 
ized in that said apparatus further comprises 
means of creating a demand of conduction 
ratio of said dynamic braking chopper if the 
detected voltage value is equal to or greater 
than a first setup value which is higher than the 
average voltage of said dx. power source, 
means of creating a demand of full conduction 
of said dynamic braking chopper during a pe- 
riod after the detected voltage value has be- 
come equal to or greater than a second setup 
value which is greater than said first setup 
value until the detected voltage value becomes 
a third value which is equal to or greater than 
said first setup value and smaller than said 
second setup value, means of halting the op- 
eration of said inverter (7) during the active 
period of the full conduction demand, and 
means of opening a line breaker which elec- 
trically disconnects said electric vehicle control 
apparatus from the caterary thereby to activate 
the air brake of said electric vehicle. 

9. An electric vehicle control apparatus compris- 
ing an electric motor (8) which drives an elec- 
tric vehicle, a motor controller (7) which con- 
trols said motor (8), a filter capacitor (6) con- 
nected between said motor controller (7) and a 
power source, a dynamic braking resistor (12) 
and a dynamic braking chopper (14) in serial 
connection connected in parallel to said filter 
capacitor (6), and means (15) of detecting the 
voltage of said filter capacitor (6), character- 
ized in that said apparatus further comprises 
means of controlling said dynamic braking 
chopper at electric braking in at least three 
divided modes of stopping control, chopping 
control and full conduction control in corre- 
spondence to detected voltage values, said 
dynamic braking chopper (14) being controlled 
continuously in transition among said control 
modes. 

10. An electric vehicle control method, the vehicle 
comprising an electric motor (8) which drives 
an electric vehicle, a motor controller (7) which 
controls said motor (8), a filter capacitor (6) 
connected between said motor controller (7) 
and a power source, a dynamic braking resis- 
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tor (12) and a dynamic braking chopper (14) in 
serial connection connected in parallel to said 
filter capacitor (6), and means (15) for detect- 
ing the voltage of said filter capacitor (6), char- 
acterized by controlling said dynamic braking 
chopper (14) at electric braking in at least 
three divided modes of stopping control, chop- 
ping control and full conduction control in cor- 
respondence to detected voltage values. 
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© Disclosed is a control apparatus for an electric 
vehicle, and particularly the dynamic braking control 
in the event of ineffectual regenerative braking load. 
A dynamic braking chopper (14) is controlled at 
electric braking in at least three divided modes of 
stopping control, chopping control and full conduc- 
tion control in correspondence to voltages of a filter 
capacitor (6). As a result, the electric braking opera- 
tion can be shifted reversely from electric braking to 
regenerative braking, and vice versa, without open- 
ing a line breaker or applying an air brake even in 
the event of ineffectual regeneration and ultimate 
over voltage, whereby the domain of regenerative 
braking after the emergence of over voltage can be 
extended to the maximum, and consequently the 
torque variation can be suppressed and the operat- 
ing life of such mechanical components as brake 
shoes and line breaker can be extended. 
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